In order to contribute to the fight against infectious diseases, the in vitro antibacterial activity and the antibiotic-potentiating effects of Tristemma hirtum and five other Cameroonian edible plants have been evaluated against Gram-negative multidrug-resistant (MDR) phenotypes. The microdilution method was used to evaluate the bacterial susceptibility of the extracts and their combination to common antibiotics. The phytochemical screening of the extracts was carried out according to standard methods. Phytochemical analysis of the extracts revealed the presence of alkaloids, triterpenes, steroids, and polyphenols, including flavonoids in most of the tested extracts. The entire tested extracts showed moderate (512 g/mL ≤ MIC ≤ 2048 g/mL) to weak (MIC > 2048 g/mL) antibacterial activities against the tested bacteria. Furthermore, extracts of leaf of Tristemma hirtum and pericarps of Raphia hookeri (at their MIC/2 and MIC/4) strongly potentiated the activities of all antibiotics used in the study, especially those of chloramphenicol (CHL), ciprofloxacin (CIP), kanamycin (KAN), and tetracycline (TET) against 70% (7/10) to 100% (10/10) of the tested MDR bacteria, with the modulating factors ranging from 2 to 128. The results of this study suggest that extracts from leaves of Tristemma hirtum and pericarps of Raphia hookeri can be sources of plant-derived products with antibiotic modifying activity.
Introduction
During the last decade, the number of multidrug-resistant (MDR) pathogenic bacteria has dramatically increased all over the world [1] [2] [3] . The burden of MDR Gram-negative bacteria infections is particularly concerning because such bacteria are demonstrating resistance to nearly all currently licensed antibiotics [2, 4] . As a consequence, inadequate empirical antibacterial therapy of severe infections caused by MDR Enterobacteriaceae as well as Pseudomonas aeruginosa and Acinetobacter baumannii has been associated with increased morbidity and mortality [5, 6] . In this alarming scenario, the discovery of novel drugs that could provide clinical efficacy against MDR Gram-negative pathogens remains one of the keys to successfully overcome the tide of resistance [1, 4] . Targeting MDR systems as efflux in antibiotic resistant pathogens seems to be one of the most important existing strategies [4, 7] . For example, the drug combination ceftolozane-tazobactam has shown in vitro activity against selected MDR Gram-negative pathogens, including P. aeruginosa [8] . This combination is effective due to the ability of ceftolozane to evade multiple resistance mechanisms including efflux pumps, reduced uptake through porin channels, and modification of penicillin-binding proteins [9] . In the same goal, many other studies have been done and some are ongoing. Plants constitute an undeniable source for the discovery of new antibacterials acting directly as bacterial growth inhibitors or as antibiotic modulators [10] [11] [12] . Previous works showed that edible plants have excellent antibacterial properties and could also act as antibiotic modulators [13] [14] [15] [16] [17] [18] . In the continuous contribution to the fight against infections due to MDR bacteria, this study was Table 1) . The dried and powdered material (100 g) of each plant was macerated in 300 mL of methanol at room temperature for 48 h and then filtered using Whatman filter paper number 1. The filtrate obtained was concentrated using a rotary evaporator under reduced pressure to obtain the crude methanol extract, which was kept at 4 ∘ C until further use.
. . Chemicals. Six reference antibiotics (RA) purchased from Sigma-Aldrich (Saint-Quentin-Fallavier, France) were tested: ceftriaxone (CEF), chloramphenicol (CHL), ciprofloxacin (CIP), erythromycin (ERY), kanamycin (KAN), and tetracycline (TET); p-iodonitrotetrazolium chloride (INT) (Sigma-Aldrich) was used as bacterial growth revelator; dimethylsulfoxide (DMSO) was used to dissolve the plant extracts.
. . Bacteria, Culture Media, and Growth Conditions. The twenty strains of Gram-negative bacteria tested in this study were MDR isolates (laboratory collection) and reference strains (American Type Culture Collection) of Escherichia coli (ATCC8739, AG100A, AG100ATet, AG102, MC4100, and W3110), Enterobacter aerogenes (ATCC13048, CM64, EA27, EA289, and EA294), Klebsiella pneumoniae (ATCC11296, KP55, KP63, and K24), Pseudomonas aeruginosa (PA01 and PA124), and Providencia stuartii (NEA16, PS2636, and PS299645). The clinical strains were the laboratory collection from UMR-MD1, University of Marseille, France. The bacterial features are reported in Table S1 (see supplementary  materials (Table 2) were investigated according to the described phytochemical methods [19, 20] .
. . Microbial Susceptibility Testing. The minimal inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) determinations on bacteria were performed using the rapid INT colorimetric assay [21] with some modifications as previously described [16, 22] . Samples were dissolved in DMSO/MHB. The final concentration of DMSO was lower than 2.5%. The 2-fold dilutions of samples were made in 96-well microplates and the tested bacterial concentration was 1.5 × 10 6 colony forming units (CFU)/mL. The microplates were incubated at 37 ∘ C for 18 h. All assays were in triplicate and were repeated thrice. Wells containing MHB, 100 L of inoculum, and DMSO to a final concentration of 2.5% served as negative control. Extracts and CHL were tested in the concentration ranges of 16-2048 g/mL and 2-256 g/mL, respectively. The MIC of each sample was detected after 18 h incubation at 37 ∘ C, following addition (40 L) of 0.2 mg/mL of INT and incubation at 37 ∘ C for 30 minutes as the lowest sample concentration that prevented the color change of the medium and exhibited complete inhibition of microbial growth [16, 22] . The MBC was determined by adding 50 L aliquots of the preparations which did not show any growth after incubation during MIC assays to 150 L of MHB. These preparations were further incubated at 37 ∘ C for 48 h. The MBC was regarded as the lowest concentration of a sample, which did not induce a color change after addition of INT as mentioned above [16, 22] .
. . Antibiotic-Activity Modulation Assays. To evaluate the potentiating effect of the tested crude extracts, a preliminary assay was performed using the association of extracts at their various subinhibitory concentrations with antibiotics against one of a problematic bacterium, P. aeruginosa PA124. MIC/2 and MIC/4 of extracts were selected as the best subinhibitory concentrations [16, 23] . Samples were tested at various subinhibitory concentrations (MIC/2, MIC/4, MIC/8, and MIC/16). Results allowed selecting MIC/2 and MIC/4 as subinhibitory concentrations for further experiments on selected Gram-negative bacteria. Briefly, after serial dilution of antibiotic, extract was added to each well at its subinhibitory concentration and the bacterial inoculation was done; the MIC was further determined. Antibiotics were tested in the concentration ranges of 2-256 g/mL or 0.5-64 g/mL when it was necessary. Rows receiving antibiotic dilutions without extracts were used for the determination of the MICs of the antibiotics. The modulation factor was defined as the ratio of the MIC of antibiotic alone versus that of antibiotic in the presence of extract. Modulation factor ≥ 2 was set as the cut-off for biological significance of antibiotic-resistance modulating effects [24] .
Results

. . Phytochemical Composition of Plant Extracts.
The results of the qualitative phytochemical screening showed that each plant extract contains at least one of the secondary The Scientific World Journal 3 The Scientific World Journal metabolites classes such as alkaloids, anthraquinones, flavonoids, phenols, saponins, tannins, steroids, and triterpenes. Polyphenols and steroids were present in all the extracts (Table 2) .
. . Antibacterial Activity. Plant extracts were tested for their antibacterial activities on a panel of 20 Gram-negative bacteria. Results summarized in Table 3 showed that all extracts were active on at least one bacterial strain with MIC values ranging from 512 to 2048 g/mL. The extracts of Raphia hookeri pericarps (RHP), Tristemma hirtum leaves (THL), and Cucurbita pepo pericarps (CPP) were more active. They presented the lowest MIC value (512 g/mL) against E. coli ATCC8739 (RHP), E. coli AG100 (THL), E. coli MC4100 (CCP and THL), P. stuartii PS299645 (RHP, CCP, and THL), E aerogenes EA294 (RHP), and P. aeruginosa PA01 (RHP). In general, MBC values recorded for the extracts were more than 2048 g/mL.
. . Antibiotic-Resistance Modulation Activity of Extracts.
The antibacterial activities of six commonly used antibiotics were evaluated in absence/presence of the different plant extracts. The results of the prescreening of the tested plant extracts for their antibiotic-resistance modulating effects against P. aeruginosa PA124 (Table 4 ) allowed us to select 4 plant extracts (leaves extracts of T. hirtum, Aframomum letestuanum, Aframomum alboviolaceum, and the pericarps extract of Raphia hookeri) for the study of their modulating effects against selected MDR bacteria, these at the concentrations equivalent to the half and quarter of their MIC values. It was observed that some extracts selectively improved the antibacterial activities of the tested antibiotics by decreasing their MIC values at about 2 to 64 times (Tables 5-8 ). The most important effects were observed with leaves extracts of Tristemma hirtum which significantly improved the antibacterial activities of all the tested antibiotics against 70% (7/10) to 100% (10/10) of the MDR bacteria used for the study. The activities of CHL, KAN, and CIP were mostly improved (2 to 128 times) as well as MIC/2 compared to at MIC/4 values ( Table 8 ). The pericarps extract of Raphia hookeri also showed significant antibiotic-potentiating activities in more than 70% (7/10) of the tested MDR bacteria. Its modulating effect was more important when it was associated with CHL, KAN, STP, ERY, and TET, mainly at the half of its MIC values ( Table 7) . The antibiotic-modulating effects of the other extracts (Aframomum letestuanum and Aframomum alboviolaceum) were not significant. They were observed on less than 50% of the tested MDR bacteria (Tables 5 and 6 ).
Discussion
. . Phytochemical Composition of Extracts. Plant secondary metabolites including flavonoids, phenols, terpenoids, steroids, saponins, and tannins are known for their antimicrobial activities [25] [26] [27] . In this study, phytochemical screening of the tested extracts indicated the presence of at least one of these metabolites in each extract (Table 2) . Their presence in the studied extracts could therefore explain the observed activities. Also, terpenoids and phenolics were previously reported in Aframomum alboviolaceum [16] , Cucurbita pepo [28, 29] , Physalis peruviana [30] , Raphia hookeri [31, 32] , and Tristemma hirtum [33] . Their presence in the tested plant extract is in conformity with the previous phytochemical investigations.
. . Antibacterial Potential of Extracts. Based on the cut-off values indicating the antibacterial activity of plant extracts proposed by Kuete [34] , many of the tested extracts, especially those from Tristemma hirtum leaves (THL), Raphia hookeri pericarps (RHP), and Cucurbita pepo pericarps (CPP) had weak (>512 g/mL) to no activity (MIC > 2048 g/mL) against the tested bacteria (Table 2) . Previous studies have already demonstrated their in vitro antibacterial activities against many pathogenic microorganisms including bacteria. Oboh et al. [35] demonstrated the antibacterial properties of Raphia hookeri syrup against E. coli, P. aeruginosa, and S. aureus. According to these authors, the observed activity may be attributed to the presence of phenolic compounds including tannins, saponins, and flavonoids, which were also highlighted in the methanol extract used in this work. With regard to Tristemma hirtum, the studies carried out by Noumedem [36] previously demonstrated its antibacterial activity against selected sensitive bacterial strains including E. coli, P. aeruginosa, S. flexneri, K. pneumonia, S. typhi, S. paratyphi, and E. faecalis. Ahoua et al. [37] showed that a plant belonging to the same genus, Tristemma coronatum, presented inhibitory power against various bacterial strains. This is in accordance with the results obtained in this study. Noumedem et al. [17] showed that the methanol leaves extract of Cucurbita pepo has significant antibacterial activity against The Scientific World Journal 
6
The Scientific World Journal (1) 128 (1) 64 (1) 16 (1) 256 (0.5)
MIC/16
128 (1) 128 (1) 128 (1) 64 (1) 16 (1) (1) 128 (1) 128 (1) 64 (1) 16 (1) 256 (0.5)
128 (1) 128 (1) 128 (1) 64 (1) 16 (1) the bacterial strains used in this work. The difference of the activity may be due to the fact that different parts of the plants were used in the two studies. Even though the antibacterial activities of the tested plant extracts were in general moderate to low, if we consider the features of the bacteria used in this study (Table S1 , supplementary materials) and the fact that the plants used are edible plants, some like the extract of leaves of Tristemma hirtum and extracts of pericarps of Raphia hookeri and Cucurbita pepo could be used to fight bacterial infections.
. . Antibiotic-Modulation Effects of Extracts.
Infections due to MDR Gram-negative bacteria are particularly concerning as such bacteria are demonstrating resistance to practically all current licensed therapies [2, 4, 38] . Numerous ranges of novel approaches are under investigation as potential alternative treatments. Among them, the use of plant-derived substances to target different antibiotic resistance systems in the bacteria is considered as one of the best strategies [10, 39, 40] . In this study, nine methanol plant extracts were tested for their ability to modulate the activity of some common antibiotics. As the main results, it was observed that the activities of all tested antibiotics, especially those of CHL, KAN, CIP, and TET, were improved 2 to 128 times against more than 70% of the tested MDR bacteria in the presence of the extracts of leaves of Tristemma hirtum and pericarps of Raphia hookeri (Tables 7 and 8 ). According to some reviews, plant-derived substances can act in synergy with antibiotics by inhibiting bacterial efflux pumps, allowing an increase of the intracellular concentrations of the antibiotics [7, 41] . Thus, because the bacteria used in this work express efflux pumps as the main resistance mechanism (Table S1 , supplementary materials), the results obtained herein suggest that the aforesaid extracts could contain efflux pumps inhibitors [42] . According to Okusa and Duez [39] , such effects may be due to the presence of alkaloids, flavonoids, terpenoids, and tannins in those extracts. Additionally, the tested extracts presented some antagonist actions with the antibiotics. This could be due to negative interactions between the antibiotics and the compounds present in the tested extracts. Finally, the most active extracts, extracts of leaves of Tristemma hirtum and pericarps of Raphia hookeri, could be used to stimulate the renewed use of antibiotics with reduced effectiveness due to resistance.
Conclusion
With respect to the main findings of this work, the extracts of leaves of Tristemma hirtum and pericarps of Raffia hookeri appear as sources of substances that can be promising potentiating agents of antibiotics, even though they have moderate direct antibacterial action against the tested MDR bacteria.
The Scientific World Journal 7 Table 5 : Antibiotic-resistance modulatory activity of leaves extract of Aframomum alboviolaceum.
Antibiotics Extract concentration
Bacteria, MIC ( g/mL) and modulating factors (in brackets) 
Escherichia coli Enterobacter aerogenes Klebsiella pneumoniae Providencia stuartii
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The Scientific World Journal Table 6 : Antibiotic-resistance modulatory activity of leaves extract of Aframomum letestuanum.
Antibiotics Extract concentration
Bacteria, MIC ( g/mL) and modulating factors (in brackets)
Escherichia coli Enterobacter aerogenes Klebsiella pneumoniae Providencia stuartii
Pseudomonas aeruginosa
Modulating 128 (1) 64 (4) 128 (1) 28.57 CMI/4
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The Scientific World Journal Table 8 : Antibiotic-resistance modulatory activity of leaves extract of Tristemma hirtum.
Antibiotics Extract concentration
Escherichia coli Enterobacter aerogenes Klebsiella pneumoniae Providencia stuartii Pseudomonas aeruginosa
Modulating 
